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(57) A target plate 3 fit onto the first shaft 1 is con- 
figured by a gear with a plurality of teeth arranged on an 
outer circumference as targets 3a, 3a .... Facing the out- 
er circumference of this target plate 3, an MR sensor 5 
is fixed being provided with MR elements which are ar- 
ranged in a circumferential direction in accordance with 
an arrangement interval of the targets 3a, 3a.... A rota- 
tional angle of the target plate 3 is calculated based on 
an output obtained between both MR elements in ac- 
cordance with the deviation in the circumferential direc- 
tion of the targets 3a, 3a ... with the rotation of the target 
plate 3. With respect to the target plate 4 fit onto the 
second shaft 2, similar targets 4a, 4a ... are provided on 
the outer circumference. A rotational angle of the target 
plate 4 is calculated on the basis of the output of the MR 
sensor 6. By a difference in these rotational angles, the 
rotational torque applied to the first shaft 1 and the sec- 
ond shaft 2 is calculated. With such a construction, the 
generation of a detection error of the rotational angle 
and the rotational torque resulting from a positional de- 
viation in an axial direction between the rotating member 
and the detecting means is prevented. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a rotational 
angle detecting device for detecting a rotational angle 
of a rotating member, a torque detecting device for de- 
tecting a rotational torque applied to a rotating shaft, and 
an automobile steering apparatus provided with the ro- 
tational angle detecting device and the torque detecting 
device. 

2. Description of Related Art 

[0002] An electric power steering apparatus which is 
constructed to drive an electric motor for assisting steer- 
ing on the basis of a detection result of a steering torque 
applied to a steering wheel for steering to transmit a ro- 
tating force of the electric motor to a steering mecha- 
nism for assisting steering has an advantage in that the 
assisting power characteristics can be easily controlled 
in accordance with the running state such as high and 
low speed of the automobile, the frequency of steering, 
and the like as compared with a hydraulic pressure pow- 
er steering apparatus using a hydraulic pressure actu- 
ator as a generation source of a steering assisting pow- 
er. As a consequence, the scope of application of an 
electric power steering apparatus has tended to expand 
in recent years. 

[0003] In such an electric power steering apparatus, 
a steering torque is detected at an intermediate portion 
of a steering shaft for connecting the steering wheel and 
a steering mechanism by detecting the rotational angle 
at two positions separated in the shaft length direction. 
That is, on the steering shaft which is operated for steer- 
ing, torsion is generated with an action of the steering 
torque which is applied to the steering wheel. This tor- 
sion corresponds to a difference In the detection angle 
at two positions described above, so that the rotational 
torque (steering torque) applied to the steering shaft can 
be determined by using this difference. 
[0004] Furthermore, in actuality, the steering shaft is 
constructed in such a manner that a first shaft (an input 
shaft) on the steering wheel side and a second shaft (an 
output shaft) on the steering apparatus side are sepa- 
rated, and these two shafts are coaxially connected via 
a torsion bar having a small diameter as a torsion ele- 
ment, so that a large relative angle deviation is gener- 
ated with the torsion of a torsion bar between the first 
shaft and the second shaft at the time of action of the 
above steering torque. Consequently, the torque is de- 
tected with a high degree of accuracy on the basis of a 
difference in the detection angle. 
[0005] Furthermore, in the electric power steering ap- 
paratus, it is necessary to detect the rotational angle of 
the steering shaft, namely the steering angle from the 
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mid-point of the steering angle in ord r to use the drive 
control of the electric motor for assisting th ste ring. In 
the torque detecting device described above, the steer- 
ing angle can be detected by the rotational angle detect- 
s ed at two positions of the steering shaft. 

[0006] The applicant of the present invention pro- 
posed in Japanese Patent Application Laid-Open No. 
2002-107112 a detecting device which can be prefera- 
bly used in the detection of the rotational angle and the 
10 rotational torque as described above. In the schematic 
view of FIG. 1 , a construction of the rotational angle and 
torque detecting device is shown. 
[0007] These conventional rotational angle and 
torque detecting device, as shown in FIG. 1 , is provided 
is with target plates (rotating members) 30 and 40 both 
having a disc-like shape which are externally fitted onto 
and fixed to both the first shaft 1 and the second shaft 
2 in the vicinity of a connection portion of the first shaft 
1 and the second shaft 2 coaxially connected via a tor- 
sion barT. MR (magnetic resistance effect) sensors 50 
and 60 as detecting means are fixed and arranged so 
as to be positioned opposite to the outer circumferencial 
surface of these target plates 30 and 40. 
[0008] On the outer circumferential surface of the tar- 
get plates 30 and 40 where MR sensors 50 and 60 are 
positioned opposite to each other, targets 30a and 40a 
are provided as detection targets. These targets 30a 
and 40a are, as shown in FIG. 1 , protrusions made of a 
magnetic member constructed as a partially helical con- 
tinuous member whose inclination direction with respect 
to an axial direction is cyclically changed, and is present 
as a magnetically discontinuous portion with respect to 
the peripheral portion. Such targets 30a and 40a recip- 
rocate in an axial direction in accordance with the rota- 
tion of the target plates 30 and 40 when viewing the fixed 
position of the MR sensors 50 and 60 as a reference. 
Then, the MR sensors 50 and 60 are constructed so as 
to generate a sine wave-like output which changes cy- 
clically in accordance with the axial direction deviation 
of the targets 30a and 40a. 

[0009] FIG. 2 is a view for explaining an operation of 
detecting rotational angle with the conventional rotation- 
al angle and torque detecting device described above. 
As shown in FIG. 2, the MR sensor 50 is constructed in 
such a manner that a pair of MR (magnetic resistance 
effect) elements 50a and 50b having a characteristic of 
changing the electric resistance with the action of the 
magnetic field are connected in series, and an internal 
magnet 50c is arranged so as to allow an equally mag- 
netic field to act on one side of the pair of MR elements 
50a and 50b. With such a construction, an electric po- 
tential, when a predetermined voltage is applied to a se- 
ries circuit of the MR elements 50a and 50b, can be tak- 
en out as an output. 

[0010] FIG. 2 is a view showing a state in which the 
target 30a provided on an outer circumference of the 
target plate 30 is developed on a plane. The MR sensor 
50 which is constructed in a manner as described above 
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is arranged, so that the other side (the opposite side of 
internal magnet 50c) of MR elements 50a and 50b is 
positioned approximately at the center of the deviation 
area of the above-described target 30a. When the target 
plate 30 is rotated in this state, the MR sensor 50 rela- 
tively changes its position in a circumferential direction 
along the outer circumference of the target plate 30 and 
the target 30a on the outer circumference of the target 
plate 30 is deviated in the direction of a parallel arrange- 
ment of MR elements 50a and 50b. 
[0011] Here, since the target 30a is made of a mag- 
netic member, the magnetic field formed by the internal 
magnet 50c is deviated to either one of the MR elements 
50a and 50b in accordance with a deviation of the target 
30a. That is, In the case where the MR sensor 50 is po- 
sitioned at point A in FIG. 2, the magnetic field formed 
by the internal magnet 50c is deviated to the MR ele- 
ment 50a side which relatively comes close to the target 
30a, so that the resistance of the MR element 50a be- 
comes larger while the resistance of the other MR ele- 
ment 50b becomes small. Consequently, the output tak- 
en out between both MR elements 50a and 50b be- 
comes minimum. On the other hand, in the case where 
the MR sensor 50 is positioned at point B in FIG. 2, the 
magnetic field formed by the internal magnet 50c is de- 
viated to the MR element 50b side which comes rela- 
tively close to the target 30a so that the resistance of 
the MR element 50b increases while the resistance of 
the other MR element 50a decreases, so that the output 
taken between both MR elements 50a and 50b be- 
comes maximum. 

[001 2] In this manner, the output of the MR sensor 50 
becomes an output having a sine wave-like form which 
cyclically changes between the minimum output at the 
point A and the maximum output at the point B in ac- 
cordance with the target 30a caused by the rotation of 
the target plate 30. Consequently, this output is taken in 
at a predetermined sampling cycle to calculate an ac- 
cumulated value of output change from the previous 
sampling time, so that the rotational angle of the target 
plate 30 and the first shaft 1 are obtained. 
[0013] Also, at the MR sensor 60 arranged opposite 
to the target plate 40 on the second shaft 2 side, com- 
pletely the same output can be obtained in response to 
the target 40a on the outer circumference of the target 
plate 40. On the basis of the output change, the rota- 
tional angle of the target plate 40 and the second shaft 
2 can be obtained. Furthermore, with a difference of the 
rotational angle between the first shaft 1 and the second 
shaft 2 which are obtained in such manner, a rotational 
torque applied to both shafts 1 and 2 can be determined. 
[0014] However, in the conventional rotational angle 
and torque detecting device which are configured in the 
described manner, there is a problem in that when the 
MR sensors 50 and 60 which are fixedly arranged and 
the target plates 30 and 40 which rotate integrally with 
the first shaft 1 and the second shaft 2 are assembled 
at a deviated position in an axial direction, such a posi- 



tional deviation affects the output of the MR sensors 50 
and 60, so that the rotational angle and the torque ac- 
curacy which are obtained with this output change are 
lowered. 

5 [0015] FIG. 3A and FIG. 3B are views for explaining 
problems in the rotational angle and torque detecting 
device as described above. FIG. 3A is a view showing 
a state in which the MR sensor 50 is deviated in position 
upwardly with respect to the target plate 30. FIG. 3B is 

10 a view showing a state In which the MR sensor 50 Is 
deviated in position downwardly in the same manner. 
Respectively, FIG. 3A and FIG. 3B, the output wave- 
forms obtained in the respective cases are shown to- 
gether as well. 

13 [0016] In the state shown in FIG. 3 A, since the detec- 
tion area of the MR sensor 50 is deviated upwardly in 
the formation area of the target 30a provided on the tar- 
get plate 30, the detection area of the MR sensor 50 
comes to exclude an inclination changing portion on the 

20 lower side of the target 30a. As a consequence, the out- 
put waveform of the MR sensor 50 is different from those 
on upper and lower half portions. As shown in FIG. 3A, 
the lower half portion of the output corresponding to the 
upper half portion of the target 30a becomes a waveform 

25 having a gentle peak value whereas the upper half por- 
tion of the output corresponding to the lower half portion 
of the target 30a becomes a waveform having a sharp 
peak value. 

[0017] On the other hand, in the state shown in FIG. 

30 3B, since the detection area of the MR sensor 50 is de- 
viated downwardly in the formation area of the target 
30a, the detection area of the MR sensor 50 comes to 
exclude the inclination changing portion on the upper 
side of the target 30a. As a consequence, the output 

35 waveform of the MR sensor 50 comes to have an upper 
half portion with a gentle peak value and a lower half 
portion with a sharp peak value. 

[0018] In a case where the output of such the MR sen- 
sor 50 is obtained, an error is generated in the rotational 

40 angle of the target plate 30 and the first shaft 1 obtained 
by accumulating a variation quantity of the output of the 
MR sensor 50. Completely in the same manner, an error 
is also generated in the rotational angle of the target 
plate 40 and the second shaft 2 obtained on the basis 

^5 of the MR Sensor 60. Furthermore, an accuracy of the 
rotational torque obtained from the rotational angle dif- 
ference between the first shaft 1 and the second shaft 
2 is also lowered as well. 

[001 9] Furthermore, in a case where the target plates 
50 30 and 40 are attached Inclined with respect to the first 
shaft 1 and the second shaft 2, or in a case where the 
first shaft 1 and the second shaft 2 to which the target 
plates 30 and 40 are attached are twisted and turned, 
directions of the rotational deviation of the MR sensors 
55 50 and 60 change according to the rotation of respective 
targets 30 and 40. Consequently, the output waveform 
shown in FIG. 3A and FIG. 3B exist simultaneously in 
the output obtained in one rotation of the target plates 
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30 and 40, so that the detection accuracy of the rota- 
tional angle and the rotational torque is further lowered. 
[0020] Therefore, conventionally, in order to discard 
error factors of the output of the MR sensors 50 and 60 
resulting from the positional deviation in the axial direc- 
tion of the target plates 30 and 40 described above, it is 
required to assemble MR sensors 50 and 60 and the 
target plates 30 and 40 with a high accuracy. Further- 
more, generation of twist and turn is prevented by in- 
creasing the support rigidity of the target plates 30 and 
40. Thus, there is a problem in that a large amount of 
labor and time is required for countermeasures with the 
above problem. 

BRIEF SUMMARY OF THE INVENTION 

[0021] The present invention has been made in view 
of the above circumstances. An object of the invention 
is to provide a rotational angle detecting device and a 
torque detecting device which enable detection with a 
high accuracy by effectively preventing the generation 
of a detection error of the rotational angle and the rota- 
tional torque resulting from a positional deviation in the 
axial direction of the rotating member and the detecting 
means without requiring labor and time at the time of 
assembling. Furthermore, an object of the invention is 
to provide a steering apparatus using these devices for 
automobiles. 

[0022] A rotational angle detecting device according 
to a first aspect of the present invention comprising: a 
rotating member; a target provided on a rotational cir- 
cumference of the rotating member; and detecting 
means for cyclically changing an output in accordance 
with a deviation of the target with the rotation of the ro- 
tating member; whereby a rotational angle of the rotat- 
ing member is detected on the basis of the output 
change of the detecting means; characterized in that the 
target is a magnetically discontinuous portion which is 
parallelly provided in a circumferential direction of the 
rotating member; and the detecting means is construct- 
ed in such a manner that a pair of detection elements, 
which sense magnetism, are arranged in a circumferen- 
tial direction in accordance with the arrangement cycle 
of the target to enable obtaining an output between both 
the detection elements. 

[0023] In this first aspect of the present invention, 
magnetically discontinuous portions are parallelly pro- 
vided in a circumferential direction on a rotational cir- 
cumference of the rotating member to form targets and 
a deviation of the targets in the circumferential direction 
with the rotation of the rotating member being taken out 
as an output between a pair of detection elements which 
sense magnetism and arranged in a circumferential di- 
rection so as to correspond to a parallel arrangement 
Interval of the targets, and a rotational angle is detected 
on the basis of a change in this output. 
[0024] Furthermore, the rotational angle detecting de- 
vice according to a second aspect of the present inven- 



tion is characterized in that the pair of detection ele- 
ments of the first aspect are magnetic resistance effect 
elements which change electric resistances with action 
of the magnetic field. 

- 5 [0025] In this second aspect of the present invention, 
an MR element (magnetic resistance effect element) 
which changes electric resistance by action of the mag- 
netic field is used as a detection element and the fact 
that an electric resistance of a pair of MR elements ar- 

10 ranged in a circumferential direction of the rotating 
member is changed in accordance with a deviation of 
the targets with rotation of the rotating member so as to 
easily obtain the rotational angle of the rotating member 
on the basis of a change in the output voltage of a bridge 

is circuit Including both MR elements. 

[0026] Furthermore, the rotational angle detecting de- 
vice according to a third aspect of the present invention 
is characterized in that the rotating member of the first 
or second aspect is a gear provided with a plurality of 

20 teeth made of a magnetic member equally arranged on 
the outer circumferential surface as the target. Further- 
more, the rotational angle detecting device according to 
a fourth aspect of the present invention is characterized 
in that the rotating member of the first or second aspect 

25 is a ring made of a magnetic member being provided 
with a plurality of slits equally arranged on the outer cir- 
cumferential surface as the target. Furthermore, the ro- 
tational angle detecting device according to a fifth as- 
pect of the present invention is characterized in that the 

30 rotating member of the first or second aspect is a disk 
being provided with magnetic poles having different po- 
larities which are equally and alternately arranged on 
the outer circumferential surface as the target. 
[0027] In the third through the fifth aspects of the 

35 present invention, a rotating member which Is formed 
by a parallelly provided targets in a circumferential di- 
rection as a magnetically discontinuous portion is simply 
composed of a gear provided with teeth made of a mag- 
netic member, a ring made of a magnetic member hav- 

40 jng a slit formed on a circumferential surface thereof, 
and a disk which is alternately magnetized to both N and 
S poles. 

[0028] Furthermore, the torque detecting device ac- 
cording to a sixth aspect of the present invention is a 

45 torque detecting device for detecting a rotational torque 
applied to a first shaft and a second shaft coaxially con- 
nected via a torsion element by a relative angle devia- 
tion between the first shaft and the second shaft caused 
by the torsion of the torsion element, wherein: the rota- 

so tional angle detecting device any one of the first through 
fifth aspects attached respectively on the first shaft and 
the second shaft; and torque calculating means for cal- 
culating the rotational torque on the basis of the rota- 
tional angle difference detected respectively by the ro- 

55 tational angle detecting devices. 

[0029] In this sixth aspect of the present invention , a 
rotational angle detecting device is arranged which en- 
ables detecting an accurate angle without being affect- 
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ed by the axial direction position of the detecting means 
respectively on the first and the second shaft connected 
via the torsion elements, so that a rotational torque is 
detected with a high accuracy which is applied to the 
first and the second shaft based on the difference in the 
rotational angle detected by these rotational angle de- 
tecting devices. 

[0030] Furthermore, a steering apparatus according 
to a seventh aspect of the present invention is charac- 
terized by comprising: the rotational angle detecting de- 
vices any one of the first through fifth aspects and/or the 
torque detecting device of the sixth aspect at the middle 
of the steering shaft for connecting the steering wheel 
and the steering mechanism. 

[0031] In this seventh aspect of the present invention, 
the rotational angle detecting device and the torque de- 
tecting device as described above applied to the steer- 
ing apparatus of automobiles to obtain an accurate de- 
tection value of the steering angle and the steering 
torque, so that the result is used for various types of con- 
trol required for a high reliability such as a drive control 
or the like of an electric motor for steering assistance in 
the electric power steering apparatus. 
[0032] The above and further object and features of 
the invention will more fully be apparent from the follow- 
ing detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0033] 

FIG. 1 is a schematic view showing a construction 
of a conventional rotational angle and torque de- 
tecting device; 

FIG. 2 is a view for explaining an operation for de- 
tecting a rotational angle with the conventional ro- 
tational angle and torque detecting device; 
FIG. 3A and FIG. 3B are views for explaining prob- 
lems In the conventional rotational angle detecting 
device and the torque detecting device; 
FIG. 4 is a schematic view showing a construction 
of a rotational angle and torque detecting device ac- 
cording to the present invention which is applied to 
a steering apparatus of automobiles; 
FIG. 5A through FIG. 5D are views for explaining 
an operation for detecting a rotational angle with the 
rotational angle and torque detecting device ac- 
cording to the present invention; 
FIG. 6 is a view showing an output example by an 
MR sensor; 

FIG. 7 is a view for explaining a detecting operation 
under a condition where the positional deviation in 
the axial direction generates; 
FIG. 8 is a schematic view showing a Second Em- 
bodiment of a rotational angle and torque detecting 
device according to the present invention; and 
FIG. 9 is a schematic view showing aThird Embod- 
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iment of a rotational angle and torque detecting de- 
vice according to th present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

[0034] Hereinafter, the present invention will be ex- 
plained in detail by referring to the drawings showing 
preferred embodiments of the invention. 

10 

(First Embodiment) 

[0035] FIG. 4 is a schematic view showing a construc- 
tion of a rotational angle and torque detecting device 

is according to the present invention for which the device 
is applied to a steering apparatus of automobiles. 
[0036] As shown in FIG. 4, a steering shaft which con- 
nects the steering wheel S and a steering mechanism 
is constructed by coaxially connecting via a torsion bar 

20 j having a small diameter, a first shaft (input shaft) 1 
having an upper end portion of which is connected to a 
steering wheel S for steering operation and a second 
shaft 2 (output shaft) having a lower end portion of which 
is connected to a pinion P forming a part of the steering 

25 mechanism. The rotational angle and torque detecting 
device according to the present invention comprises a 
target plates (rotating members) 3 and 4 each which has 
a disk-like shape and are fit onto and fixed to a portion 
in the vicinity of the connection portion of the first shaft 

30 1 and the second shaft 2, and which are rotated inte- 
grally respectively with the first shaft 1 and the second 
shaft 2, and MR sensors (detecting means) 5 and 6 
which are arranged and fixed so as to be positioned op- 
posite to each of the outer circumferencial surfaces of 

35 the target plates 3 and 4, respectively. 

[0037] The target plate 3 of the first shaft 1 side is a 
gear made of a magnetic member having a number of 
teeth arranged at even intervals on its outer circumfer- 
ential surface, and respective teeth comprise targets 3a, 

40 3a.. as a magnetically discontinuous portion in the cir- 
cumferential direction. The target plate 4 of the second 
shaft 2 side is also gear being provided with the same 
targets 4a, 4a .... Both target plates 3 and 4 are posi- 
tioned in such a manner that respective targets 3a and 

45 4a are correctly aligned In a circumferential direction. 
Furthermore, both target plates 3 and 4 may be such 
that only respective teeth forming portions may be made 
of a magnetic member. 

[0038] Such targets 3a, 3a ... are deviated in a circum- 
50 ferential direction In accordance with the rotation of the 
target plate 3 which is generated together with the first 
shaft 1, and passes discontinuously through the ar- 
rangement position of the MR sensor 5 positioned op- 
posite to the outer circumference of the target plate 3. 
55 The MR sensor 5 is constructed in the manner as de- 
scribed below so as to generate an output with a sine 
wave-like form which cyclically changes in response to 
the passage of the targets 3a, 3a .... 
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[0039] FIG. 5A, FIG. 5B f FIG. 5C and FIG. 5D are 
views for explaining an operation of detecting a rotation- 
al angle with the rotational angle and torque detecting 
device according to the present invention. As shown in 
FIG. 5A through FIG. 5D ( the MR sensor 5 is a bridge 
circuit in which a pair of MR (magnetic resistance effect) 
elements 5a and 5b having the characteristics of chang- 
ing the electric resistance with action of the magnetic 
field are connected in series, and internal magnet 5c for 
bias is arranged on one side of the elements to allow an 
equal magnetic field to act on both sides of the elements. 
Then, these are constructed in such a manner that a 
potential between both MR elements 5a and 5b at the 
time of application of a predetermined voltage to the se- 
ries circuit of the MR elements 5a and 5b is taken out 
as an output. 

[0040] FIG. 5 A thro ugh FIG. 5D are views showing the 
state in which the targets 3a, 3a ... provided on the outer 
circumference of the target plate 3 are developed on a 
plane. In the MR sensors 5 which detect the target plate 
3, the pair of MR elements 5a and 5b is arranged in a 
circumferential direction of the target plate 3 facing the 
opposite side of the internal magnet 5c toward the outer 
circumference of the target plate 3 on which the targets 
3a, 3a t ... are provided. Here, the parallel arrangement 
interval of the MR elements 5a and 5b is set so as to 
align with the parallel arrangement interval of the targets 
3a and 3a on the circumference of the target plate 3. As 
shown in FIG. 5A, each of the MR elements 5a and 5b 
are arranged to be positioned opposite the targets 3a 
and 3a positioned adjacent to each other. 
[0041 ] When the target plate 3 is rotated in one direc- 
tion in this state, the targets 3a and 3a arranged on the 
outer circumference of the target plate 3 are deviated in 
the parallel arrangement direction of the pair of MR el- 
ements 5a and 5b of the MR sensor 5. As shown in FIG. 
5B, FIG. 5C and FIG. 5D, the opposite state with the MR 
elements 5a and 5b and the internal magnet 5c between 
the MR elements 5a and 5b changes one after another. 
Here, since the targets 3a and 3a are made of a mag- 
netic member, a magnetic field formed around the MR 
elements 5a and 5b by the internal magnet 5c changes 
as follows in accordance with the deviation of the targets 
3a and 3a on the other side. 

[0042] First, in the state as shown in FIG. 5A, the in- 
ternal magnet 5c is positioned approximately in the cent- 
er of the targets 3a and 3a positioned opposite to re- 
spective MR elements 5a and 5b. In this state, the in- 
tensity of the magnetic field around both MR elements 
5a and 5b Is approximately the same. In a case where 
the targets 3a and 3a are deviated from this state, as 
shown in FIG. 5B, the target 3a of the MR element 5a 
side approaches, while the target 3a of the MR element 
5b side is separated. As a consequence, the intensity 
of the magnetic field around the MR elements 5a and 
5b becomes strong on the MR element 5a side while the 
magnetic field becomes weak on the MR element 5b 
side. As a consequence, an output of the MR sensor 5 
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taken out from a position between the MR elements 5a 
and 5b decreases with a transition from the state shown 
in FIG. 5A to the state shown in FIG. 5B. 
[0043] In a case where the targets 3a and 3a are f ur- 

s ther deviated, as shown in FIG. 5C, there arises a state 
in which one target 3a is positioned approximately at the 
center of the MR elements 5a and 5b. In this state, the 
internal magnet 5c positioned between the MR ele- 
ments 5a and 5b becomes opposite to the target 3a. In 

10 this state, as same as the case shown In FIG. 5A ( the 
intensity of the magnetic field around both MR elements 
5a and 5b becomes approximately the same. Conse- 
quently, the output of the MR sensor 5 increases with a 
transition from the state shown in FIG. 5B to the state 

is shown In FIG. 5C. 

[0044] In a case where the targets 3a and 3a are fur- 
ther deviated, as shown in FIG. 5D, the target 3a posi- 
tioned opposite to the internal magnet 5c comes close 
to the MR element 5b side, so that the target 3a is sep- 

20 arated from the MR element 5a side. The Intensity of the 
magnetic field around the MR elements 5a and 5b be- 
comes weak on the MR element 5a side and becomes 
strong on the MR element 5b side. Consequently, the 
output of the MR sensor 5 further increases with a tran- 

25 sition from the state shown in FIG. 5C to the state shown 
in FIG. 5D. 

[0045] In a case where the targets 3a and 3a are fur- 
ther deviated in position, a state thereof is returned as 
shown in FIG.5A. At that time, intensity of the magnetic 
30 field around the MR elements 5a and 5b are approxi- 
mately same. Therefore, the output of the MR sensor 5 
decreases with a transition from a state shown in FIG. 
5D to that shown in FIG.5A. 

[0046] The MR sensor 5 positioned opposite to the 

35 target plate 3 in this manner generates an output which 
repeats a cyclic increase and decrease in accordance 
with the approach and separation of the targets 3a, 3a . . . 
provided on an outer circumference thereof, for exam- 
ple, an output having a sine wave-like form as shown in 

40 FIG.6. Symbols A through D in FIG. 6 correspond to re- 
spective states shown in FIG. 5A through FIG. 5D. 
[0047] The output of such the M R sensor 5 is given to 
a processing unit 7 formed by using a microprocessor. 
In the processing unit 7, a variation quantity of an output 

45 of the MR sensor 5 Inputted by each of a predetermined 
sampling cycle is subsequently accumulated, sothatthe 
rotational angle of the target plate 3 and the first shaft 1 
is calculated. For example, when sampling is executed 
at point y in FIG. 6, a variation quantity AV from the pre- 

50 vlous sampling time shown as point x can be obtained 
in the same manner. Furthermore, a variation quantity 
A6 of this rotational angle corresponding to this variation 
quantity AV can be obtained. The rotational angle fl y at 
point y can be calculated by adding the variation quantity 

55 AG to or subtracting the same from the previously calcu- 
lated rotational angle 6 X at point x. By repeating the 
same processing, it becomes possible to calculate a 
continuous rotational angle. 
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[0048] Furthermore, it is desirable to calculate an ac- 
curate rotational angle over the entire circumfer nee by 
arranging two MR sensors 5 described above on the 
outside of the target plate 3 to obtain outputs with differ- 
ent phases with the MR sensors 5, by appropriately 
changing over both outputs to be used, and by avoiding 
sampling in an inaccurate output area in the vicinity of 
a maximum value or a minimum value of an output hav- 
ing a sine wave-like form as shown in FIG. 6. Further- 
more, in a case where two MR sensors 5 and 5 are ar- 
ranged, it is desirable to fix two MR sensors 5 and 5 by 
integrally accommodating in a common housing and fix- 
ing to be faced to the outside of the target plate 3. 
[0049] In the MR sensors 6 arranged opposite to the 
target plate 4 on the second shaft 2 side, completely the 
same output can be obtained in response to the targets 
4a, 4a... on the outer circumference of the target plate 
4 to be given to the processing unit 7. At the processing 
unit 7, a rotational angle of the target plate 4 and the 
second shaft 2 are calculated on the basis of this output 
change. Furthermore, with a difference in the rotational 
angle of the first shaft 1 and the second shaft 2 which 
are individually calculated, the rotational torque (steer- 
ing torque) applied to both the shafts 1 and 2 is calcu- 
lated. 

[0050] In the rotational angle and torque detecting de- 
vice which is constructed as described above, gears are 
used as a target plate 3, teeth parallelly provided on an 
outer circumference of the target plate 3 are taken out 
as targets 3a and 3a and deviation of the targets 3a and 
3a in the circumferential direction with the rotation of the 
target plate 3 is taken out as an output between a pair 
of detection elements (MR elements 5a and 5b) ar- 
ranged in the direction in which the targets 3a and 3a 
are parallelly provide. As a consequence, even in the 
state in which a positional deviation in an axial direction 
is generated between the MR sensor 5 fixed and ar- 
ranged with MR elements 5a and 5b and the target plate 
3 which becomes a detection target, the output of the 
MR sensor 5 is not affected so that a rotational angle of 
the first shaft 1 and the target plate 3 can be detected 
with a high degree of accuracy. 

[0051] FIG. 7 is a view for explaining a detection op- 
eration which is performed under the occurrence of a 
positional deviation in an axial direction. Shown Is a 
state in which the MR sensor 5 is attached having a po- 
sitional deviation upwardly with respect to the target 
plate 3. A detection area of such the MR sensor 5 is 
positioned at a position shown as line X-X in FIG. 7 and 
deviated upwardly from the normal detection area 
shown as line Y-Y in FIG. 7. However, the deviation of 
the targets 3a and 3a with the rotation of the target plate 
3 is generated completely in the same manner as the 
normal line on line Y-Y. Consequently, the output of the 
MR sensor 5 whose detection area Is the line X-X be- 
comes the approximately the same as an output on the 
line Y-Y which is a normal detection area, so that an 
accurate rotational angle can be calculated without be- 
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ing affected by the positional deviation in the axial direc- 
tion. Targets 3a and 3a arranged on the circumference 
of the target plate 3 are hatched in FIG. 7. 
[0052] In a similar manner, the rotational angle of the 

s second shaft 2 and the target plate 4 on the basis of the 
output of the MR sensor 6 is calculated with a high ac- 
curacy without being affected by the positional devia- 
tion. Consequently, the rotational torque (steering 
torque) calculated by using a difference in the rotational 

io angle of the target plates 3 and 4 also becomes highly 
accurate without being affected by the positional devia- 
tion. Consequently, in the rotational angle detection de- 
vice and torque detection device according to the 
present invention, an accurate positioning between the 

is target plate 3 and 4 as rotating members and MR sen- 
sors 5 and 6 as detecting means is not required at the 
time of assembling, thereby labor and time at the time 
of assembling can be alleviated. 
[0053] Furthermore, in the above First Embodiment, 

20 the target plates 3 and 4 as rotating members are com- 
posed of gears having teeth as targets 3a, 3a... and tar- 
gets 4a, 4a, ... made of a magnetic member parallelly 
provided on an outer circumference thereof. However, 
the target plates 3 and 4 may be provided with targets 

2s as magnetically discontinuous members parallelly pro- 
vided in a circumferential direction on the rotational cir- 
cumference. An appropriate construction can be adopt- 
ed except for the gears. 

30 (Other Embodiments) 

[0054] FIG. 8 and FIG. 9 are schematic views showing 
Second and Third Embodiments of the rotational angle 
and torque detecting device according to the present in- 
35 vention. 

[0055] In FIG. 8, rings, which are made of a magnetic 
member, coaxially fit and fixed to the first shaft 1 and 
the second shaft 2, and provided with, as targets, a plu- 
rality of slits 3b and 3b and 4b and 4b arranged at even 

^o intervals on an outer circumference thereof, are used as 
target plates 3 and 4. Furthermore, in FIG. 9, a magnet- 
ized disk, which are coaxially fit onto and fixed to the 
first shaft 1 and the second shaft 2, and provided with, 
as targets, magnetic poles 3c and 3d, and 4c and 4d 

45 having different polarities arranged alternately at even 
intervals on the outer circumferential surface thereof, 
are used as target plates 3 and 4. As in these embodi- 
ments, the construction of other parts than the target 
plates 3 and 4 is the same as the First Embodiment 

so shown In FIG. 4, common constituent members are de- 
noted by the same reference numerals and a detailed 
explanation thereof is omitted. 

[0056] In the Second Embodiment shown in FIG. 8, 
the M R sensor 5 arranged opposite to the outer circum- 
S5 ference of the target plate 3 generates an output which 
changes cyclically in respect to the magnetic material 
portion formed between the slits 3b and 3b adjacent to 
each other in accordance with a deviation in the circum- 
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ferential direction of the slits 3b and 3b with the rotation 
of the target plate 3. Consequently, at the processing 
unit 7 to which this output is given, the rotational angle 
of the target plate 3 and the first shaft 1 is calculated. 
[0057] Furthermore, in the Third Embodiment shown 
in FIG. 9, the MR sensor 5 arranged opposite to the out- 
er circumference of the target plate 3 generates an out- 
put which changes cyclically with an action of the mag- 
netic field formed between the magnetic poles 3c and 
3d positioned adjacent to each other in accordance with 
a deviation in a circumferential direction of magnetic 
poles 3c and 3d arranged on the outer circumference of 
the target plate 3. Consequently, at the processing unit 
7 to which this output is given, the rotational angle of the 
target plate 3 and the first shaft 1 is calculated. In this 
Embodiment, the internal magnet 5c for bias of the MR 
sensor becomes unnecessary. 

[0058] In the same manner as the First Embodiment, 
the rotational angle of the target plate 4 and the second 
shaft 2 can be calculated by use of the output of the MR 
sensor 6 arranged opposite to the outer circumference 
of the target plate 4. Furthermore, the rotational torque 
(steering torque) applied to both shafts 1 and 2 can be 
calculated with a difference in the rotational angle of the 
first shaft 1 and the second shaft 2 which is respectively 
calculated. 

[0059] In these Embodiments as well, the calculation 
result of the rotational angle and the rotational torque 
are not affected by the positional deviation in the axial 
direction between the target plates 3 and 4 as rotating 
members and the MR sensors 5 and 6 as detecting 
means. Substantially, in FIG. 8, a positional deviation 
within the scope in the axial direction of the width of the 
slits 3b, 3b... can be allowed while in FIG. 9, a positional 
deviation within the scope of the width of target plates 
3 and 4 can be allowed as well. 

[0060] As described in detail, in the rotational angle 
detecting device according to a first aspect of the 
present invention, the device is constructed in such a 
manner that a magnetically discontinuous portion is ar- 
ranged in parallel in a circumferential direction on the 
rotational circumference of the rotating member as a tar- 
get, and a deviation in the circumferential direction of 
these targets with the rotation of the rotating member is 
taken out as an output between a pair of detection ele- 
ments arranged in a circumferential direction so as to 
correspond to a parallel arrangement interval of the tar- 
get. Consequently, the influence of the positional devi- 
ation in the axial direction between the rotating member 
and the detecting means on the rotational angle which 
is calculated by using this output change does not arise, 
resulting in that a highly accurate detection of the rota- 
tional angle is enabled without requiring labor and time 
of positioning at the time of assembling. 
[0061] Furthermore, in the rotational angle detecting 
device according to the second aspect of the present 
invention, a magnetic resistance effect element for 
changing electric resistance by action of the magnetic 
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field is used as a pair of detection elements positioned 
opposite to the target provided on the rotating m mber, 
so that the rotational angle of the rotating member can 
be easily obtained on the basis of the output voltage of 

s a bridge circuit including both elements. 

[0062] Furthermore, in the rotational angle detecting 
device according to the third through fifth aspects of the 
present invention, a rotating member is composed of 
gears being provided with a plurality of teeth made of 

io magnetic members arranged at even intervals on an 
outer circumferential surface, a ring made of a magnetic 
member being provided with a plurality of slits arranged 
at even intervals on the outer circumferential surface as 
a target, or a disk being provided with a magnetic pole 

w having a different polarity arranged at even intervals on 
the outer circumferential surface and alternately ar- 
ranged as a target, resulting in that a rotating member 
provided with a predetermined target can be easily man- 
ufactured. 

20 [0063] Furthermore, In the torque detecting device ac- 
cording to a sixth aspect of the present invention, a ro- 
tational angle detecting device according to the first 
through fifth aspects of the present invention is provided 
which can detect an accurate rotational angle without 

25 being affected by a positional deviation in an axial direc- 
tion between the rotating member and the detecting 
means respectively on the first shaft and the second 
shaft coaxially connected via a torsion element, thereby 
the rotational torque which is applied to the first shaft 

30 and second shaft can be detected with a high accuracy 
on the basis of the difference in the rotational angle de- 
tected by these rotational angle detecting devices. 
[0064] Furthermore, in the steering apparatus accord- 
ing to the seventh aspect of the present invention, either 

35 or both of the rotational angle detecting device and the 
torque detecting device described above are provided 
on the steering shaft which connects the steering wheel 
and the steering mechanism as a detection target, so 
that either or both of the steering angle and the steering 

40 torque can be detected with a high accuracy, and the 
devices can be conveniently used for various types of 
control required for a high reliability, such as the drive 
control of an electric motor for steering assistance in the 
electric power steering apparatus. 

45 

Claims 

1 . A rotational angle detecting device comprising: a ro- 
so tating member; a target provided on a rotational cir- 
cumference of said rotating member; and detecting 
means for cyclically changing an output in accord- 
ance with a deviation of said target with the rotation 
of said rotating member; whereby a rotational angle 
55 of said rotating member Is detected on the basis of 
the output change of said detecting means; char- 
acterized In that 

said target (3a; 4a) is a magnetically discon- 
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tinuous portion which is parallelly provided in a cir- 
cumferential direction of said rotating member (3; 
4); and 

said detecting means (5; 6) is constructed in 
such a manner that a pair of detection elements (5a 
and 5b), which sense magnetism, are arranged in 
a circumferential direction in accordance with the 
arrangement cycle of said target (3a; 4a) to enable 
obtaining an output between both said detection el- 
ements (5a and 5b). 

The rotational angle detecting device as set forth in 
Claim 1 , characterized in that said pair of detec- 
tion elements (5a; 5b) are magnetic resistance ef- 
fect elements which change electric resistances 
with action of the magnetic field. 



said torque detecting device as set forth in Claim 6 
at the middle of the steering shaft for connecting the 
steering wheel (S) and the steering mechanism. 
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The rotational angle detecting device as set forth in 
Claim 1 or 2, characterized in that said rotating 
member (3; 4) Is a gear provided with a plurality of 20 
teeth made of a magnetic member equally arranged 
on the outer circumferential surface as said target 
(3a; 4a). 

The rotational angle detecting device as set forth in 25 
Claim 1 or 2, characterized in that said rotating 
member (3; 4) is a ring made of a magnetic member 
being provided with a plurality of slits (3b; 4b) equal- 
ly arranged on the outer circumferential surface as 
said target (3a; 4a). 30 



7. 



The rotational angle detecting device as set forth in 
Claim 1 or 2, characterized in that said rotating 
member (3; 4) is a disk being provided with mag- 
netic poles (3c and 3d; 4c and 4d) having different 
polarities which are equally and aftemately ar- 
ranged on the outer circumferential surface as said 
target (3a; 4a). 

A torque detecting device for detecting a rotational 
torque applied to a first shaft and a second shaft 
coaxially connected via a torsion element by a rel- 
ative angle deviation between said first shaft and 
said second shaft caused by the torsion of said tor- 
sion element, characterized by comprising: 

said rotational angle detecting device as set 
forth in any one of Claim 1 through Claim 5 at- 
tached respectively on said first shaft (1) and 
said second shaft (2); and 
torque calculating means (7) for calculating the 
rotational torque on the basis of the rotational 
angle difference detected respectively by said 
rotational angle detecting devices. 

A steering apparatus, characterized by compris- 
ing: said rotational angle detecting device accord- 
ing to any one of Claim 1 through Claim 5 and/or 



35 



40 



45 



50 



55 



9 



EP 1 300 662 A2 



FIG. 1 
PRIOR ART 



30a 



40 




40a 



10 



EP 1 300 662 A2 



FIG. 2 
PRIOR ART 




11 



EP 1 300 662 A2 




.1 > .» 



EP 1 300 662 A2 



F IG. 4 








I 


i 


<: 


<c 






o 
i — i 


o 

i — i LU 


1— LU 


\— ZD 


<r: — \ 


<c a 


f— o 


i — cr 


o z: 


o o 


a: <c 


cr i— 



13 



EP 1 300 662 A2 




EP 1 300 662 A2 



F I G. 6 




EP 1 300 662 A2 



FIG. 7 




16 



»1 



I** ♦ 



EP 1 300 662 A2 



F I G. 8 




17 



EP 1 300 662 A2 




i — i i — i LL) 

I — LU I— ZD 

<: — i o 

i — o f— a: 

o z o o 
a: < i — 



18 



